Few would argue that the upstream oil and gas industry has become more technology-intensive over the years. At the same time, the increasing costs and complexity of today's exploration and production (E&P) technologies are making it increasingly difficult for any one company to support an aggressive research and development (R&D) agenda single-handedly. The coming together of these two evolutionary forces gives rise to important questions. How does innovation happen in the E&P industry? Specifically, what ideas and inputs flow from which parts of the industry's value network, and where do these inputs go? And how do firms and organizations from different countries contribute differently to this process? This survey was designed to shed light on these issues.
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About the Survey
This survey was a joint research initiative between JPT and the Queensland University of Technology in Brisbane, Australia. A "data firewall" was established for this collaboration so that the participating university researchers did not have access to any of the specific details of the survey participants.
It is not uncommon for large multinationals in the E&P industry to have R&D facilities in several different parts of the world. For example, Shell has E&P research centers in the Netherlands, USA, Qatar, and India. Thus, to capture region-byregion differences, this survey asked questions about how technologyand innovation-related activities are managed at the "business unit" level. Smaller companies and organizations that develop and deploy upstream oil and gas technologies in a consistent way throughout all their operations around the world were instructed to consider their entire organization as a business unit for the purposes of this survey. The survey also included consultancies, universities, and governments; their business unit was the part of their organization that interacts with upstream oil and gas companies in their region.
Of the 469 people invited to participate, a total of 199 people completed the survey, yielding an overall response rate of 42.4%. Invited participants were highranking managers who play significant roles with regard to R&D and/ or technology deployment in their business units. Fig. 1 and Table 1 outline the breakdown of respondents by type of organization and Fig. 2 shows the worldwide size of the employing organizations. Table 2 shows the location of the worldwide headquarters for the respondents' employing organizations, and Table 3 shows the geographic location of respondents' business units. Consisting of 23 questions, this survey asked respondents about several aspects of their business unit's R&D and innovation-related activities. Much of the survey focused on the sources of knowledge they rely upon throughout their innovation activities. What sources of information, data, and knowledge are most important as they develop new technologies? This part of the survey was modeled after the Eurostat Community Innovation Survey, which has been used in more than 60 academic articles for measuring the knowledge inputs that go into innovation-related activities (Laursen and Salter (2005) and Cosh and Zhang (2011) are specific examples of research that have used this type of framework for analysis). The framework consists of 16 potential sources of knowledge (Table 4) . Respondents were asked to identify the degree to which they had used each of the sources throughout the past 3 years, ranging from "not used" to "high use."
The survey also asked for several measures of R&D output from their business unit, including the number of patents arising from technologies principally developed by their business unit in the past 3 years, the number of technologies deployed by their business unit in the past 3 years, and the number of radical innovations among these. All of these output measures were selfreported by the respondents. Respondents were informed before completing the survey, however, that their results would be made anonymous and aggregated with data from other respondents, thereby removing any incentive to distort their responses.
Respondents were asked at the end of the survey if they would object to being asked a few clarifying questions about their responses. Several said yes, and a handful of follow-up discussions were carried out to deepen an understanding of the survey results.
Innovation-Related Activities Across All Respondents
◗ ◗ Among the highlights: The largest sources of the industry's knowledge and inputs for innovation-related activities were suppliers and clients. Professional conferences, health and safety standards, and environmental standards were also considered to be very important. ◗ ◗ Overall, the industry places less emphasis on government research organizations, universities, and public sector organizations where R&D inputs and knowledge are concerned.
Of the 16 potential knowledge sources identified in Table 4 , five were selected for more in-depth analysis because more than 25% of the total respondents had indicated they relied on these particular knowledge sources as "high use" inputs. The numbers of patents and deployed technologies reported by the respondents were then examined. A "deployed technology" was defined as an innovation that has successfully gone through field trials, and that is ready to be used in revenue-generating activities. Table 6 and Fig. 4 show the number of patents awarded in the past 3 years by type of organization. ◗ ◗ Service companies generated about 80% of the patents reported in the survey. Less than Patents were not the sole indicator as a measure of innovation-related outputs. Respondents were also asked about the number of deployed technologies from the past 3 years for which their business unit played a leading role. Summarized in Table 7 and One of the things that did jump out by comparing Tables 6 and 7 , however, is the relative number of patents filed for each of the deployed technologies. Table 8 and Fig. 6 accordingly ask an obvious question: Do different types of organizations put different amounts of emphasis on the number of patents that they file for the innovations that they create? The answer is a clear "yes."
Two respondents with extensive backgrounds in service companies said Why does this particular finding matter? Many studies done over the years have talked about patent filings as a direct proxy for innovation within the E&P sector. In those studies, numbers of patents were portrayed in such a way that they became a bellwether for how much R&D and innovation each company was doing. Our finding here challenges this logic because it shows that service companies typically file many more patents per innovation than other types of E&P companies. It is true that service companies do much of the heavy lifting with regard to innovation in the industry, but focusing just on patent statistics will skew this perception to the high side.
Table 8 also shows that IOCs typically file more patents per deployed technology than NOCs, and much more than independents. This again probably can be attributed to the growing business case for IOCs to put forward novel, hardto-replicate technologies. These results from the survey suggest that intellectual property and patents are somewhat less of a priority for NOCs and independents.
Another important question arising from the survey data was whether or not the size of the company affected R&D output. Are big companies better positioned to create new innovations in the E&P industry than small ones? Table 9 shows the data that address this question. The lion's share of deployed technologies (74.8%) and patents (79.2%) from the past 3 years reported by respondents came from firms with between 10,000 and 99,999 employees. Most service companies probably fit this profile so one could argue that this outcome is not at all surprising.
But what kinds of innovation do these huge organizations create? Might smaller firms play a unique role in the industry by offering innovations that are more radical in character? Toward answering this question, respondents were asked to report the number of radical innovations that they had deployed throughout the past 3 years. Using the widely used definition put forward by Leifer et al. (2000) , a "radical innovation" was defined in the survey as a new technology that fulfilled at least one of these criteria:
1) It delivered an entirely new set of performance features to the marketplace that simply were not available before.
2) It brought about an improvement in existing performance features of five times or greater.
3) It delivered a significant (30% or greater) reduction in cost.
Table 10 outlines the results. As predicted, smaller firms with fewer employees contribute relatively more to the creation of the E&P industry's radical innovations than to more incremental ones. Nearly 15% of the reported radical technologies from the past 3 years came from companies with less than 1,000 employees, but these firms were responsible for less than 8% of the total number of deployed technologies during that same period.
The same large firms-that is, those with 10,000 to 99,999 employees-that create most of the E&P industry's new technologies also seem to be responsible for nearly two-thirds of the radical innovations. In other words, large companies are contributing most of the industry's radical innovations.
Does the type of the organization play a role in how radical its innovations are? Table 11 offers evidence of this.
There is no shortage of qualitative evidence in the literature (e.g., Daneshy and Donnelly, 2004) suggesting that service companies tend to steer their portfolios toward more incremental technologies that are essentially an iterative improvement on an existing technology. The data presented here do not contradict this widely held belief. Service companies considered a much smaller fraction of their deployed technologies to be radical than other types of organizations. NOCs and independents do not generate high numbers of technologies overall, but they consider what they do create to be fairly radical in character.
Another interesting question arising in the survey was whether business units that were geographically closer to their world headquarters generated more new technologies than more remote business units. In other words, do worldwide organizations tend to conduct most of their R&D and innovation in their own backyard, or in the interest of placating host governments, do they do much of their R&D abroad? Another question that the survey data allow us to explore is the geographic origin of the industry's innovations. Where, geographically, do the E&P industry's new technologies come from? Table 13 breaks down the deployed technologies reported from the past 3 years according to the country where the creating organization's headquarters is located. The major findings: ◗ ◗ Although only 35.7% of the respondents were from the US, more than 60% of the reported deployed technologies came from companies based in that country. This leaves little doubt that the US is still largely the epicenter of innovation and new technologies in the E&P sector. The US dominance is supported further by the data in The survey also asked respondents whether the majority of their business unit's technologies were mostly product based, mostly process based, or an almost even mix of the two. The results are shown in 
